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DIRECTIONAL OBJECT DETECTION

CROSS REFERENCE TO RELATED
APPLICATION

This application claims benefit under 35 U.S.C. §119(e)

of U.S. patent application Ser. No. 13/678,273 filed Nov. 15,
2012, entitled MULTI-DIMENSIONAL VIRTUAL BEAM

DETECTION FOR VIDEO ANALYTICS, which 1s incor-
porated by reference herein 1n 1ts entirety.

COPYRIGHT NOTICE

© 2012 VideoiQQ, Inc. A portion of the disclosure of this
patent document contains material that 1s subject to copy-
right protection. The copyright owner has no objection to the
facsimile reproduction by anyone of the patent document or
the patent disclosure, as 1t appears in the Patent and Trade-
mark Oflice patent file or records, but otherwise reserves all

copyright rights whatsoever. 37 CFR §1.71(d).

TECHNICAL FIELD

This disclosure relates generally to detection of objects
using video analytics, and, 1n particular, to either two- or
three-dimensional virtual beam detection for video analyt-
ICS.

BACKGROUND

Physical security systems have long used beam detectors
for the detection of people and vehicles. A typical beam
detector includes a light source at one end and a light sensor
at the opposite end. For example, the light source may
include one or more inirared LEDs emitting a beam of light
toward the light sensor, which 1s tuned to detect the wave-
length of light emitted by the light source. If a person or
vehicle breaks the beam of light propagating between the
light source and the light sensor, the light sensor will detect
a drop 1n the intensity of the light reaching the sensor and
thereby trigger an alarm. Beam detectors are prone to false
alarms, which can occur, for example, when an animal or
leat blowing 1n the wind crosses the beam. The detector can
also be rendered useless, mtentionally or by accident, if the
light source or the light sensor becomes blocked, forcing an
attendant to visit the site to correct the problem. For this
reason, more robust systems use a series of light sources and
sensors to create a series of beams that all must be tripped
betfore alarm-producing detection occurs.

Video surveillance technology may also be used as part of
a physical security system. For example, a video surveil-
lance camera captures 1mages of a scene. The 1mages may be
viewed by a human observer, or the 1mages may be trans-
mitted to a video analytics system for detecting and tracking,
objects as they move through the field of view of the video
camera. The wvideo analytics system may distinguish
between objects of interest and objects not of interest. For
example, a human being or a vehicle may be an object of
interest, but an animal or a blowing leal may be an object not
of interest. Video-based surveillance can be at least partly
automated when the video analytics system includes a
virtual tripwire or a region of interest (ROI) for triggering an
event.

A typical virtual tripwire 1s a line superimposed over an
image captured by a surveillance camera. An event may be
triggered when the video analytics system detects an object
of interest crossing the virtual tripwire. For example, the
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survelllance camera 1s positioned to capture 1mages of a
street 1n front of a sidewalk. A virtual tripwire may be drawn
across the sidewalk, and an event would be triggered when
an object of interest, such as a person, walks along the
sidewalk and crosses the tripwire.

A typical ROI 1s defined by an area superimposed over an
image captured by a surveillance camera. An event may be
triggered when the video analytics system detects an object
of interest moving within the area. Alternatively, an event
may be triggered when the video analytics system detects an
object of interest entering or leaving the area.

However, virtual tripwires and ROIs are prone to false
alarms. One 1nstance of a false alarm would be, for example,
the triggering of an event when even a small portion of an
object of interest crosses a tripwire or enters an ROI.
Because a typical tripwire does not have a three-dimensional
shape, the exact location covered by the tripwire may not
always be clear. For example, a tripwire drawn across a
sidewalk may appear to be on the sidewalk, but depending
on the viewpoint of the camera, a person walking near the
sidewalk or across the street may trigger an event 1f the
person’s head, rather than the person’s feet, crosses the
tripwire.

ROIs may create false alarms when used to detect people
entering or leaving a doorway, because anyone walking by
the front of the doorway, without passing through the
doorway, may trigger an event. As another example, an ROI
s1zed to count cars on a highway may produce false alarms
caused by tree branches, shadows, headlights, or animals
moving into or within the ROI. Detecting objects moving in
a specific direction may also be more diflicult when using an
ROI for triggering an event, especially 11 the object wanders
around and does not follow a straight path.

Moreover, the detection zone of a virtual tripwire or an
ROI 1s static. In other words, the virtual tripwire or the ROI
does not move once a user of the video surveillance system
defines the tripwire or the ROI.

SUMMARY

The disclosed preferred embodiments implement methods
and systems for reducing false alarms when monitoring
whether an object of terest 1s passing through a detection
zone within a field of view of a scene observed by a video
camera.

According to one embodiment, video data representing
the field of view of the scene observed by the video camera
are recerved. Video analytics 1s used to track the object of
interest represented 1n the video data. A multi-dimensional
virtual beam 1s used to detect whether the tracked object of
interest 1s continually present in the detection zone. An
occurrence of an event 1s signaled when the tracked object
of interest 1s continually present 1n the detection zone during
a period beginning when the tracked object of interest enters
the detection zone and ending when the tracked object of
interest leaves the detection zone through the opposite side,
alter having completely crossed through the detection zone.

The multi-dimensional virtual beam may represent a
two-dimensional area or a three-dimensional volume. For
example, a two-dimensional virtual beam may correspond to
an area superimposed over an 1mage represented by the
video data. As another example, a three-dimensional virtual
beam may correspond to a volume of space oriented 1n a
three-dimensional representation of the scene observed by
the video camera.
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Additional aspects and advantages will be apparent from
the following detailed description of preferred embodi-
ments, which proceeds with reference to the accompanying,
drawings.

BRIEF DESCRIPTION OF THE

DRAWINGS

FIG. 1 1s a block diagram of one embodiment of a video
survelllance system.

FIG. 2 1s a schematic diagram of one embodiment of a
three-dimensional virtual beam.

FIG. 3 1s a pictorial diagram 1llustrating one embodiment
ol a three-dimensional virtual beam 1n a scene within a field
of view of a video camera.

FIG. 4 1s a schematic diagram of one embodiment of a
two-dimensional virtual beam.

FIG. 5 1s a flowchart of a method of monitoring whether
an object of interest 1s passing through a detection zone
within a field of view of a video camera, according to one
embodiment.

FIG. 6 1s a flowchart of a method of monitoring whether
one or more objects of interest are located 1n a detection
zone within a field of view of a video camera, according to
one embodiment.

FIG. 7 1s a pictonial diagrammatic view of one embodi-
ment of a virtual beam associated with an object of interest.

FIG. 8 1s a flowchart of a method of monitoring whether
a first object of interest 1s passing through a detection zone
that 1s within a field of view of a video camera and 1s
associated with a second object of interest, according to one
embodiment.

FI1G. 9 1s a flowchart of a method of configuring a virtual
beam, according to one embodiment.

DETAILED DESCRIPTION OF ILLUSTRATIVE
EMBODIMENTS

The disclosed preferred embodiments implement methods
and systems for reducing false alarms when monitoring
whether an object of interest 1s passing through a detection
zone within a field of view of a scene observed by a video
camera. The object of mterest may be tracked to determine
whether the tracked object of interest 1s continually present
in the detection zone as the tracked object of interest crosses
from one side of the detection zone to the other side of the
detection zone. In one example, the detection zone may be
observed by a video surveillance system including video
analytics and a virtual beam. The virtual beam can be used
to define opposite sides of the detection zone. For example,
the virtual beam can be drawn on a computer screen over the
visual 1mage rendered from video data generated by a
survelllance camera to define the area of detection, similar
to the way an ROI 1s drawn. However, a virtual beam can be
drawn as a two-dimensional or three dimensional space.

FIG. 1 illustrates a block diagram of one embodiment of
a video surveillance system 100, which includes a camera
110, mass storage 120, a computer system 130, an output
device 150, and an mput device 160. Video surveillance
system 100 may include an mterconnection network 170 for
connecting camera 110, mass storage 120, and computer
system 130 to one another. As used herein, the term “con-
nected” means logically or physically connected directly or
indirectly through one or more intermediaries. Interconnec-
tion network 170 facilitates wired or wireless communica-
tion among camera 110, mass storage 120, and computer
system 130. For example, imnterconnection network 170 may
include the Internet, Ethernet, Universal Serial Bus (USB),
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4

asynchronous transfer mode (ATM), Packet over SONET/
SDH (POS), Peripheral Component Interconnect Express
(PCI-Express), IEEE 802.11 (Wi1-Fi), cellular telephone net-
work, or other interconnect that 1s capable of providing a
communication pathway among came a 110, mass storage
120, and computer system 130.

Camera 110 includes an imaging system for capturing
images of a scene observed by camera 110. Camera 110 may
be a video camera generating video data representing the
field of view of the scene observed by the video camera. In
one example, camera 110 may be a video camera as
described 1n commonly owned U.S. Patent Application Pub.
No. 2009/0219387, titled “Intelligent High Resolution
Video System.” Camera 110 may have a fixed field of view
or a variable field of view. A camera with a variable field of
view may be of a pan-tilt-zoom (PTZ) type having mechani-
cally driven optics to zoom-1n on objects, for example. The
field of view of the camera includes a detection zone or an
area to be momtored. For example, the detection zone may
include a secured area where entry 1s restricted, or the
detection zone may 1nclude an area leading to a cashier 1n a
store where the length of a check-out line may be monitored.

Camera 110 may capture images in the visible light
spectrum or 1n any other spectrum suitable for monitoring
the detection zone. For example, images may be captured in
color, black and white, or infrared. Further, metadata and
data from multiple spectra may be embedded with the video
data. For example, audible signals may be recorded and
included with the video data. As another example, time-
stamp, position, type of object detected, or other metadata
may be embedded with the video data. Camera 110 may
capture a single view or multiple views of a scene, such as
in stereo vision, for example.

The video data may be formatted as an analog or digital
signal, and the video data may be encrypted or compressed.
For example, the video data may be encoded 1n the NTSC/
PAL, MPEG-4 SVC, H.264, or any other format suitable for
recording time sequenced images. Camera 110 may be
programmable and capable of producing multiple quality
levels of video data, including higher quality (HiQQ) video
data and lower quality (Low()) video data. A quality level
refers to multiple video parameters including resolution,
frame rate, bit rate, and compression quality. For example,
HiQQ video data may represent high definition 1080p reso-
lution video recorded at 30 frames-per-second (Ips), and
Low(Q wvideo data may represent D1 resolution video
recorded at 5 1ps. H1Q and Low() video data are not limited
to the parameters above. HiQQ video data may represent high
definition 1080p resolution video recorded at a lower frame
rate—ifor example, 15 ips. In general, H1Q video data are
video data that represent higher quality video than that of
LowQ) video data. Camera 110 may produce more than two
quality levels of video data. Camera 110 may be capable of
producmg different quality levels for different portions of a
field of view within a video frame. For example, camera 110
may generate HiQ quality video data representing an object
ol interest, e.g. a person, 1n the field of view while simul-
taneously generating Low(Q video data representing back-
ground scene 1mages of the field of view. As described
further herein, video analytics 132 1s used to differentiate
between objects of interest and background images of the
field of view.

Mass storage 120 1s used for recording video data from
camera 110. Mass storage 120 may also be used for storing
metadata associated with the video data, rules used by video
survelllance system 100, and intermediate data, such as
during compression and decompression of the video data.
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Mass storage 120 may be hierarchical. For example, mass
storage 120 may include a hard disk drive housed with
camera 110 and a video server connected by means of a local
area network (LAN) or a wide area network (WAN). Mass
storage 120 may include semiconductor memory, an optical
storage device, a magnetic storage device, such as a hard
disk drive, or any combination of them. The amount of
storage capacity may be determined based on at least the
desired time to retain video data, the resolution of the video
data, the compression of the video data, and the number of
cameras writing to mass storage 120. For example, a typical
camera can generate approximately 0.4 GB of video data
cach day when 1images are captured with CIF resolution at 5
tps and are compressed with H.264 compression. As another
example, a typical camera can generate approximately 5.4
GB of video data each day when images are captured with
01 resolution at 15 fps and are compressed with MPEG-4
Compression.

Computer system 130 receives video data and includes
video analytics 132 and virtual beam 140 modules. Com-
puter system 130 may be integrated 1n the same housing as
camera 110, remote from camera 110, or distributed across
network 170. Video data may be recerved by an input/output
(I/O) interface 138, for example. Video analytics 132 and
virtual beam 140 modules may be implemented in hardware,
soltware, or combinations of them. For example, computer-
executable instructions for implementing virtual beam 140
may be stored 1n local storage 134 and executed by proces-
sor 136. Processor 136 may include a Freescale Semicon-
ductor® 1.MX27 multimedia applications processor or a
Texas Instruments DaVinci™ DM6437 processor, for
example. As another example, virtual beam 140 may be
implemented 1n a field programmable gate array (FPGA) or
application specific mtegrated circuit (ASIC). Local storage
134 may include a semiconductor memory, a magnetic
storage device, an optical storage device, or any combina-
tion of them. Semiconductor memory may include read only
memory (ROM) programmable ROM, random access
memory (RAM), or flash memory. A magnetic storage
device may include a floppy disk drive, a hard disk drive, a
magnetic drum, a magnetic tape, or a magneto-optical disk.
An optical storage device may include compact disc or
holographic memory.

Computer system 130 communicates with output device
150. Output device 150 may include a display, an audible or
visual alarm, a pager, a cellular telephone, a land line
telephone, or other device capable of displaying video data
or alerting an attendant when an object of 1nterest 1s passing
through the detection zone. For example, video data from
camera 110 may be streamed by 1/O iterface 138 to output
device 150, such as a video display. As another example, a
text message may be sent to output device 150, such as a
cellular telephone, when video analytics module 132 detects
a tracked object of interest that 1s continually present in the
detection zone as the tracked object of interest crosses
through the detection zone in a predefined direction.

Computer system 130 communicates with an input device
160. Input device 160 may include a keyboard, a pointing
device, such as a mouse or a touch screen, a microphone, a
cellular telephone, a land line telephone, or other device
capable of allowing a user to provide mput to computer
system 130. For example, mput device 160 may be a
keyboard, and a user may send a command or setup infor-
mation to computer system 130 by typing on the keyboard.
As a second example, imnput device 160 may be a mouse, and
a user may indicate a boundary of the detection zone by
using the mouse to drag a cursor along the boundary over an
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image of the scene observed by camera 110. As a third
example, input device 160 may be a sensor or an external
arming signal that could be used by rules to determine an
event of interest. One implementation would be use of an
alarm system signal for the purpose of indicating the system
1s armed also for the purpose of arming the virtual beam
detection rule.

Computer system 130 includes video analytics 132. Video
analytics 132 analyzes the video data generated by camera
110 to detect whether a predefined event or object of interest
1s being captured by camera 110. A preferred embodiment of
video analytics 132 1s described 1n commonly owned U.S.
Patent Application Pub. No. 2009/02453573, titled “Object
Matching for Tracking, Indexing, and Search.” The video
data analyzed by wvideo analytics 132 1s preferably HiQ)
video data. Video analytics 132 generates metadata that
describe the content of video data. The metadata produced
by wvideo analytics 132 may be a textual and semantic
description of the content of the video.

Events and objects of interest may be programmed by a
user and specified 1n an XML definitions file. The definitions
file and video analytics 132 may be updated periodically.
Video analytics 132 may include multiple analytic capabili-
ties. Multiple events of interest may be defined, and more
than one event of interest may occur at a particular time.
Also, the nonoccurrence ol one event leaves open the
possibility of an occurrence of a second event. The metadata
may be supplied for storage in local storage 134 and mass
storage 120. The metadata representing an arbitrary frame n
can be associated with video data representing frame n.
Thus, the metadata may be searchable to allow a user to
ciiciently search and semantically browse large video
archives, whether stored locally or remotely.

An event of 1terest that video analytics 132 detects may
be as simple as motion 1n the field of view. Video analytics
132 may also implement blob detection (e.g., detecting a
group ol moving pixels as a potential moving object, without
identifying what type of object 1t 1s), lighting change adjust-
ment, and geometric calibration based on object size in the
field of view to distinguish objects based on types. For
example, video analytics 132 may be able to classily an
object as a human being, a vehicle, or another type of object
and be able to recognize an object when 1t appears in any
portion within the field of view of camera 110. Furthermore,
video analytics 132 may be able to recognize certain iden-
tifiable features of an object such as, for example, human
faces and vehicle license plates. Video analytics 132 may be
able to recognize when camera 110 1s capturing a new object
and assign a unique object ID to the new object. Video
analytics 132 may be able to recognize the speed and
trajectory at which an object moves. Video analytics 132
may be able to recognize events such as perimeter mtrusion,
object movement 1n a particular direction, objects approach-
ing one another, a number of objects located 1n a specified
area, objects lett behind, and object removal. Video analytics
132 can also recognize specific locations, or coordinates,
within the field of view where an event or object of interest
1s being captured, or a combination of objects and events, as
defined by a rule.

When video analytics 132 detects an event or object of
interest within the video data, video analytics 132 generates
metadata that correspond to the event or object of interest
and supplies the metadata to rules based engine 142. Rules
based engine 142 includes rules that associate events or
objects of interest, specified in the metadata, to speciific
actions to be taken. The actions associated with the rules
may be to perform, for example, one or more of the
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following: signaling an event when a tracked object of
interest 1s continually present 1n the detection zone during a
period beginning when the tracked object of interest enters
a detection zone and ending when the tracked object of
interest leaves the detection zone through the opposite side,
alter having completely crossed through the detection zone;
signaling an event when a number of objects of interest
crossing the detection zone and continually present in the
detection zone exceeds a threshold number; signaling an
event when a first object of interest 1s continually present 1n
a detection zone, the detection zone associated with a second
object of interest, as the first object of 1nterest crosses the
detection zone; store HiQQ or Low(Q video data in local
storage 134; store H1QQ or Low() video data 1in remote mass
storage 120; stream HiQ or Low(Q video data from output
device 150 to a user; generate and send from output device
150 to a user a short video clip file of the event of interest;
send an alert (e.g., mstructions to generate one or both of a
visual display and an audible sound) from output device 150
to a user; store video data 1n mass storage 120 for X period
of time. For example, a user may define the following rule:
when a human being crosses a detection zone from one side
to the other side, store 1n local storage 134 HiQQ video data
representing the intrusion, provide to a user by an output
device 150 such as a pager an alert of the intrusion, generate
a short video clip of the intrusion and send the video clip to
output device 150 such as a display, and store 1n remote mass
storage 120 HiQ video data representing the intrusion. Or, a
user may define the following rule: when no event or object
of interest 1s being captured, store 1n local storage 134 Low()
video data and send no video data to output device 150.
Because video analytics 132 can detect various objects and
cvents, a wide variety of rules may be defined by a user.
Also, because multiple events of interest may occur simul-
taneously, a rule may correspond to a combination of events.

An application of counting objects crossing the detection
zone and generating reports from object count data can
provide traflic flow pattern information. For example, place-
ment of virtual beams at critical locations in a retail store
cnables determination of customer trathc flow throughout
the store. A report can be generated to show customer traflic
patterns based on time of day, seasons of year, or comparison
of traflic flow among multiple store locations.

A rule may use a multi-dimensional virtual beam 140 for
reducing false alarms when monitoring whether an object of
interest 1s passing through the detection zone. Virtual beam
140 1s used to define boundaries of the detection zone within
the field of view of the scene observed by camera 110.
Virtual beam 140 includes an entrance side and an exit side
on opposite boundaries of the detection zone. Virtual beam
140 detects whether an object of interest is continually
present in the detection zone as the object enters the entrance
side of, crosses completely through, and leaves through the
exit side of the detection zone. Objects entering the detection
zone from any side other than the entrance side will be
1gnored. Objects that appear or disappear within the detec-
tion zone, or move only within the detection zone, will also
be 1gnored.

Virtual beam 140 may be associated with one or more
objects. As one example, a type of object to be detected may
be configured during detection rules setup, such as by
choosing from a drop-down computer menu. Virtual beam
140 may be set to detect general types of objects, such as
people, vehicles, or boats. Virtual beam 140 may be set to
detect more specific types of objects, such as school buses,
fire trucks, red sedans, people riding bicycles, adults, or

5

10

15

20

25

30

35

40

45

50

55

60

65

8

non-guards. As another example, and as further elaborated in
FIGS. 7 and 8, virtual beam 140 may be associated with an
object of interest.

Virtual beam 140 1s multi-dimensional and can be defined
as a two-dimensional or three dimensional space. FIG. 2 1s
a schematic diagram of one embodiment of a three-dimen-
sional virtual beam, and FIG. 3 1s a pictornial diagram
illustrating how a three-dimensional virtual beam may be
overlaid with a three-dimensional representation of a scene
within a field of view of a video camera. FIG. 4 15 a
schematic diagram of one embodiment of a two-dimensional
virtual beam.

A virtual beam can act as a four-dimensional beam by
inclusion of a measure of time elapsed 1n crossing the virtual
beam. An example 1s setting as a detection rule a speed limit
of travel of an object through the virtual beam. This can be
accomplished by establishing a time allowed for an object to
pass through the virtual beam of known distance between its
entrance and exit sides. An object taking too much or too
little time to cross the virtual beam could trigger an event of
interest.

FIG. 2 illustrates one embodiment of a three-dimensional
virtual beam 200 that defines a detection zone that includes
an entrance side 210 and an exit side 220 located on the
opposite side of the detection zone. As illustrated 1n FIG. 2,
entrance side 210 and exit side 220 are the borders of the
detection zone, which has a rectangular shape and 1is
arranged 1n parallel planes, but other shapes and arrange-
ments are possible. For example, a virtual beam zone of
detection may be defined as an annulus, 1.e., a ring with
thickness. Generally, the detection area of a three-dimen-
sional virtual beam may be planar, curved, or include one or
more linear borders.

Virtual beam 200 exhibits an inherent direction of motion
because events are detected when a tracked object of interest
1s continually present 1n the detection zone, after the tracked
object of interest enters entrance side 210 of the detection
zone, thereafter crosses through the detection zone, and
leaves completely the detection zone from exit side 220,
thereby triggering detection. In other words, a direction of
virtual beam 200 may be defined by an object entering
through entrance side 210 and triggering detection when the
object crosses through the detection zone and leaves com-
pletely through exit side 220. Virtual beam 200 may also
1gnore objects entering or leaving through other sides of the
detection zone, such as sides 230 and 240. Objects entering
or leaving the detection zone through sides 230 and 240 will
be 1gnored. One virtual beam 1s used to detect an object
crossing a detection zone in a single direction. Multiple
virtual beams may be used to detect an object crossing a
detection one in multiple directions. For example, two
virtual beams defining the same detection zone, but swap-
ping the entrance and exit sides, may be set up to detect
traflic going 1n two directions.

A distance 250 between entrance side 210 and exit side
220 may be varied to customize a false alarm immunity
versus a sensitivity of detection. Distance 250 may be
lengthened to widen virtual beam 200 and to reduce false
alarms. In other words, distance 250 may be lengthened to
increase false alarm immumity. Distance 250 may be short-
ened to narrow virtual beam 200 and 1ncrease sensitivity of
detection.

Virtual beam 200 may be aligned with a spatial location
within a three-dimensional representation of the scene
observed by camera 110. The three-dimensional represen-
tation may be created manually, such as by a user or an
installer providing a physical mapping of the background
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scene to rules based engine 142. For example, a ground
plane 260 of the visual scene may be manually entered by
use of input device 160. In an alternative embodiment, video
analytics 132 can automatically observe and analyze traflic,
such as people and vehicles 1n various areas of the scene, to
generate a ground plane model, including the angle of the
ground plane. The three-dimensional representation of the
scene may 1include a horizon, where ground plane 260
appears to mtersect the sky from the field of view of camera
110. Similar to the ground plane, the horizon may be
manually entered or automatically detected by operation of
video analytics 132.

Distance 250 may be shortened or lengthened, depending,
on how far the detection zone 1s from camera 110 or how
close the detection zone 1s to camera 110. For example, an
area closer to the horizon in the video scene 1s typically
tarther away than areas farther from and below the horizon.
Thus, 1t may be desirable to have a wider virtual beam for
areas closer to camera 110 compared to areas farther from
camera 110, since each pixel located near the horizon may
represent more distance traveled than each pixel located
tarther from and below the horizon would represent. Simi-
larly, a height 2770 of the detection zone may be increased or
reduced depending on how far away from or close to the
detection zone 1s from camera 110. For example, 1t may be
desirable to increase height 270 as the detection zone 1is
positioned closer to camera 110 to provide similar false
alarm 1mmunity as that provided by a detection zone posi-
tioned farther from camera 110.

Virtual beam 200 may include a detection zone having a
border coincident with ground-plane 260 or above ground-
plane 260, such as at height 280. FIG. 3 illustrates how a
three- dlmensmnal virtual beam 300 may be overlaid on a
three-dimensional representation of a scene 310 within a
field of view of a video camera. FI1G. 3 shows a suburban car
lot with a sidewalk 320 proximal to one side of which
several cars 340 are parked side by side and proximal to the
other side of which a street 300 runs parallel. Virtual beam
300 includes a detection zone with a boundary coincident
with a ground plane located on the surface of sidewalk 320.
Virtual beam 300 includes detection sides 302 and 304 and
1s preferably configured to detect only the feet and lower
portions of the legs of a human being as an object of interest.
I1 detection side 302 1s the entrance side and detection side
304 1s the exit side, virtual beam 300 can detect people
walkmg along sidewalk 320 from right to left. If detection
side 304 1s the entrance side and detection side 302 1s the exit
side, virtual beam 300 can detect people walking along
sidewalk 320 from left to right. In this manner, the move-
ment of people along the sidewalk can be monitored with
high false alarm immunity. For example, people walking on
the street, 1n front of sidewalk 320, will be 1gnored when
their heads rather than their feet pass through virtual beam
300. As used with reference to FIG. 3, “in front of” means
closer to camera 110.

As an alternative to mapping a three-dimensional repre-
sentation of the scene, a two-dimensional virtual beam may
be used as an overlay on an 1image represented by video data.
For example, a three-dimensional representation of a scene
may not be available because a user has not manually
entered a physical mapping of the background scene or
video analytics 132 has not completed calibrating the scene.
As another example, a two-dimensional virtual beam may be
implemented with fewer computational resources than those
used 1 1mplementing a three-dimensional virtual beam.
Skilled persons will appreciate that the dimensions of a
scene and the dimensions of a virtual beam are separate and
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distinct. A three-dimensional virtual beam need not be used
with a three-dimensional representation of a scene. A two-
dimensional beam can, therefore, be located 1n a three-
dimensional representation of a scene. Moreover, a three-
dimensional virtual beam can be implemented by a two-
dimensional beam and a rule specitying the height of an
object.

FIG. 4 1llustrates one embodiment of a two-dimensional
virtual beam 400 overlaid on an 1mage 410 represented by
video data from camera 110. Virtual beam 400 can be used
to define the entrance and exit sides of a detection zone 420.
For example, virtual beam 400 may include an entrance side
430 bounding detection zone 420 on one side and an exit
side 440 bounding detection zone 420 on the opposite side.
Virtual beam 400 may include one or more sides 450 where
the entrance or exit of objects 1s 1gnored. Virtual beam 400
includes a distance 460 between entrance side 430 and exat
side 440. Increasing distance 460 may reduce false alarms,
and decreasing distance 460 may increase sensitivity of
detection. Although the two-dimensional virtual beam 400
illustrated 1n FIG. 4 15 a parallelogram and entrance side 430
and exit side 440 are parallel to each other, other shapes and
arrangements are possible. For example, an entrance side
may be defined as the outer border of a ring with thickness,
and an exit side may be defined as an 1nner border of the ring
contained within the perimeter of the outer border. Gener-
ally, the entrance and exit sides of a two-dimensional virtual
beam may be linear, curved, or include one or more linear
border segments.

A multi-dimensional virtual beam can be used to 1mple-
ment methods to monitor an object of 1nterest 1n a detection
zone within a field of view of a video camera. FIG. 5
illustrates an embodiment of a method of monitoring
whether the object of interest 1s passing through the detec-
tion zone. FIG. 6 illustrates an embodiment of a method of
monitoring whether more than a threshold number of objects
ol interest are located in the detection zone. FIG. 8 illustrates
an embodiment of a method of monitoring whether a first
object of interest 1s passing through the detection zone when
the detection zone 1s associated with a second object of
interest, such as illustrated in FIG. 7, for example. Common
to all of the methods are: receiving video data (510); using
video analytics to track one or more objects (such as 520,
620, and 820); using a virtual beam to detect whether an
object 1s continually present in the detection zone (such as
530, 630, and 840); signaling an event based on whether one
or more objects are continually present in the detection zone
combined with one or more other conditions (such as 540,
640, and 830); and optionally performing additional steps
based on the occurrence of the event (5350). Finally, FIG. 9
illustrates a method of configuring a virtual beam that may
be used in the methods illustrated 1n FIGS. 5, 6, and 8.

FIG. 5 1s a flowchart of a method 500 of monitoring
whether an object of interest 1s passing through a detection
zone within a field of view of a video camera, according to
one embodiment. Method 500 may be implemented, for
example, by video surveillance system 100. Method 500
begins at 510 by receiving video data. The video data may
be received 1n real-time, such as from camera 110, or
delayed from when the video data were recorded. Real-time
data may be delayed by computations or bullering within
video surveillance system 100. For example, real-time data
may be delayed by encoding, decoding, compressing,
decompressing, packetizing, or other system delays. As
another example, video data from camera 110 may be
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recorded at mass storage 120 or local storage 134, stored for
a time, and then retrieved at a later time for post-processing
by method 500.

At 520, video analytics 132 are used to track the object of
interest represented 1n the video data. An object of interest
may be tracked based on one or more criteria, including
criteria corresponding to characteristics of the object and
criteria that may be unrelated to the object. For example, the
object of iterest may be tracked based on one or more
combinations of the type, color, shape, size, or speed of
motion of the object. In a preferred embodiment, video
analytics 132 can recognize or identily an object, such as
with blob detection technology or advanced video motion
detection, so that the object may be more accurately tracked.
Video analytics 132 may assign an object type to an 1den-
tified object, and rules can be set up to determine whether the
identified object 1s of a type that will be tracked. For
example, object types may include human beings, vehicles,
amimals, or of suspicious or unknown type. In an alternative
embodiment, an object of interest may be tracked based on
pixel mot on, such as by recognizing pixel changes moving,
across a scene, without identifying the object.

The speed of motion of an object may be used to deter-
mine whether the object 1s to be detected as an even of
interest. For example, video analytics 132 may detect a
speed associated with a moving object, and rules can be set
up to determine a range of speeds for objects that will trigger
an alarm. For example, a speeding car may be considered to
be an event of interest, or a slow-moving car, such as a car
caught 1n a traflic jam, may be an event of interest, but cars
moving at normal speeds may be 1gnored. As another
example, a person walking slowly through a parking lot or
a person runmng through a hallway may be an event of
interest, but people walking at normal speeds may not be
events of interest. The motion or trajectory of an object may
be used to determine whether 1t 1s an event of interest. For
example, an object may be considered to be of interest based
on whether the object has a smooth or a chaotic trajectory,
whether the object 1s stationary or moving, or whether the
object exhibits abnormal activity.

The color of an object may be used to determine whether
the object 1s considered to be of interest. For example, a red
sedan could be considered to be of interest and cars of
different colors could be 1ignored. Tracking objects of a given
color may be used to aid police oflicers when they are
looking for a car with a known color, such as during an
Amber alert or when a car has been reported stolen. Simi-
larly, the shape of car, which may correspond to a make and
model of the car, may be used to determine whether the car
1s considered to be of interest. As another example, employ-
ees or guards may have uniforms of one color and people
wearing a different color may be considered to be of interest
for certain types of activities, such as entering into
employee-only areas.

Colors corresponding to temperatures may be used to
determine whether an object 1s considered to be of interest.
In one embodiment, a thermal camera may generate different
colors corresponding to different temperatures. In an alter-
native embodiment, a thermal camera may generate black
and white 1mages, with the intensity of the white corre-
sponding to different temperatures. A threshold color or
intensity may be set, and when the color or itensity of the
object exceeds the threshold, the object can be 1dentified as
an object of interest. One application in which tracking
objects based on color from a thermal camera may be
desirable 1s the monitoring of electrical substations. For
example, the spread of unwanted heat 1n substation equip-
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ment may be tracked to provide an early warning of occur-
rences and potentially reduce the expense of system failures.

A tracked object of interest may be part of another object
ol mterest. Examples of objects that may be part of another
object include a license plate of a vehicle or a face, arm, or
head of a person. Tracking a license plate can be useful when
combined with a license plate recognition system. Similarly,
tracking a face can be useful when combined with a facial
recognition system. Tracking a part of an object may
improve the accuracy of tracking. For example, tracking
heads may be more accurate than tracking full bodies,
especially when a full view of the bodies may be obscured
by obstacles or heavy tratlic, such as 1n an airport or a train
terminal.

Furthermore, rules not associated with an object may be
set up to determine whether an object should be considered
to be an object of 1nterest. Examples of rules not associated
with an object include ambient light level, time of day,
occurrences of earlier events, or combinations of them. For
example, a rule can be set up so that vehicles are considered
to be of interest 1n a parking lot only 11 the parking lot lights
are turned ofl. As another example, a rule can be set up so
that people are considered to be of interest only between the
hours of 10:00 p.m. and 6:00 a.m.

Video analytics 132 may associate metadata with a
tracked object of interest. Examples of metadata include
object type, color, speed, trajectory, an identifier label,
bounding box coordinates, event data, and any other infor-
mation that may describe an aspect of the object. The
identifier label may be created by video analytics 132 when
the object of interest 1s first identified. The identifier label
may persist between video frames until the object of interest
moves out of the field of view of camera 110. Bounding box
coordinates may 1dentity a boundary around the object of
interest 1 a video frame or 1n a three-dimensional repre-
sentation of the scene observed by video camera 110. For
example, bounding box coordinates may be a set of (X, Y)
pixel coordinates corresponding to the edges of the object of
interest 1n a video frame. Bounding box coordinates will
move with an object of interest, and the bounding box
coordinates may be filtered through a smoothing function
between frames to reduce jerkiness. As another example,
bounding box coordinates may be a set of (X, Y, Z) coor-
dinates corresponding to the boundary of the object of
interest in the three-dimensional representation of the scene
observed by video camera 110. Event data may include
whether an event occurred or a time-stamp of when an event
occurred.

At 530, a multi-dimensional virtual beam 1s used to detect
whether the tracked object of interest 1s continually present
in the detection zone. The multi-dimensional virtual beam
may be a two-dimensional virtual beam, such as virtual
beam 400; or the virtual beam may be a three-dimensional
virtual beam, such as virtual beam 200. In one embodiment,
an object 1s “continually” present 1n the detection zone when
the object 1s present in the detection zone 1 every video
frame during the period of interest. In an alternative embodi-
ment, a filter may be applied such that the object 1s “con-
tinually” present in the detection zone even if the object 1s
absent from the detection zone for a small number of video
frames, such as one or two video frames. By using a filter,
anomalies resulting from video decompression or jerky
updates of a bounding box may be reduced.

The presence of an object 1n the detection zone may be
determined in different ways. In one embodiment, the object
1s “present” 1n the detection zone when a bounding box
associated with the object intersects or 1s contained within
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the detection zone. In an alternative embodiment, the object
1s “present” in the detection zone when a center of the
bounding box associated with the object intersects or 1s
contained within the detection zone. In yet another embodi-
ment, the object 1s “present” in the detection zone when any
pixel of the object intersects or i1s contained within the
detection zone.

When an object 1s first present 1n the detection zone,
metadata, such as an entry time-stamp, may be created and
associated with the object. Sitmilarly, an exit time-stamp may
be created and associated with the object when the object
exits the detection zone. In one embodiment, the entry and
exit time-stamps ol the object may be compared to time-
stamps marking the time during which the object 1s present
in the detection zone to determine whether the object 1s
continually present in the detection zone.

At 540, rules-based criteria are used to define an event of
interest. Criteria may include, for example, time of day or
week, speed of object, color of object, type of object, and
multiple objects simultaneously crossing the virtual beam.
Another criterion may be establishing as the virtual beam an
annulus surrounding an object of interest.

At 550, an event 1s signaled when the tracked object of
interest 1s continually present 1n the detection zone during a
period beginning when the tracked object of interest enters
through the entrance side of the virtual beam and ending
when the tracked object of interest crosses through the
detection zone and leaves through the exit side of the virtual
beam. Examples of rules for determining when the object
enters through an entrance side include: (1) when a bound-
ing box associated with the object first enters the detection
zone through the entrance side, (2) when a center of the
bounding box associated with the object enters the detection
zone through the entrance side, (3) when any pixel of the
object enters the detection zone through the entrance side,
and (4) when a bounding box associated with the object
enters the detection zone through the complete height of the
detection zone (for three-dimensional virtual beams). The
rules for determining when the object enters or leaves the
detection zone may be different. The rules for determining
when the object enters or leaves the detection zone may vary
the sensitivity and false alarm immunity for the detection
zone crossing. For example, rule (1) would likely be more
sensitive than would rule (2) for detecting an object entering
a detection zone, e.g., rule (1) would detect entry of an
object into a detection zone sooner than would rule (2), but
rule (1) might result in more false alarms than would rule
(2).

At 560, additional steps may be optionally performed
based on the occurrence of an event, such as the event
signaled at 350. Examples of the additional steps include
alerting an attendant, recording a video clip, adjusting a
recording quality level, sending an email, sounding an
audible alarm, generating metadata, or logging a report. An
attendant may be alerted by operation of output device 150,
such as by sounding an audible alarm, sending a text or
recorded voice message to the attendant’s phone, or high-
lighting a video clip on the attendant’s display. A video clip
may be recorded at local storage 134 or mass storage 120,
for example.

Method 500 may be used 1n a variety of applications. For
example, the steps of method 500 may be performed with
virtual beam 300 to detect people walking along sidewalk
320 as described with reference to FIG. 3. Similarly, use of
a virtual beam 1n the performance of method 500 may detect
a person entering a property area with no physical barriers,
such as a schoolyard that adjoins a wooded area.
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Method 500 may be used for fence beam applications,
such as detecting a person climbing a fence or a cellular
telephone tower by having an entrance side of a virtual beam
set near the bottom of the structure and an exit side set at a
higher point of the structure. The distance between the
entrance side and the exit side can be used to determine how
far the person must climb before an alarm 1s triggered. The
height of the exit side over the entrance side can be used to
determine how tall the person needs to be to create a
detection. The distance between entrance and exit sides may
reduce false alarms caused by tree branches blowing in the
wind, birds landing on the fence, or even small animals, such
as squirrels crawling up the fence. In this fence beam
application, false alarms caused by passers-by may also be
reduced, since people crossing only from the entrance side
to the exit side will generate an alarm.

Method 500 may be used for a virtual corridor applica-
tion, such as for a one-way exit at an airport or a museum.
The distance between entrance and exit sides or depth of the
virtual beam can be used to establish how far people must
travel 1n one direction before being detected. Increasing the
depth may reduce false alarms caused by people stopping to
momentarily turn around before exiting. For example,
movements opposite to the direction of the exit might be
caused by a person turning around to wave goodbye to
someone, stepping backwards for a moment, or deciding not
to leave. The height of the virtual beam can also be set to just
detect the heads of people and thereby may be helpiul 1n
crowded areas where it may be difficult for the camera to see
tull body views.

Method 500 may be used for a virtual doorway applica-
tion, 1n which the height of the virtual beam determines how
tall a person needs to be for detection. For example, the
virtual beam can be set across the entrance to a shopping
mall. By selecting the height of the virtual beam, the system
can count only adults, not children. Alternatively, the height
of the virtual beam can be set to detect children, so that video
analytics 132 can determine which adults are near the
chuldren when they enter. The system can later create an
alert, 11 one of those children leaves unaccompanied by one
of the adults with whom the child entered. Thus, method 500
may provide a method of providing early warning of poten-
tial child abduction.

FIG. 6 1s a flowchart of a method 600 of monitoring
whether one or more objects of interest are located in a
detection zone within a field of view of a video camera,
according to one embodiment. Method 600 may be 1mple-
mented, for example, by video surveillance system 100.
Method 600 begins at 510 by receiving video data.

At 620, video analytics 132 are used to track the one or
more objects of interest represented by the video data. Video
analytics 132 distinguishes one or more objects of interest so
that the number of objects of interest can be counted at 630.
In one embodiment, video analytics 132 assigns a unique
identifier label to each object. An object of interest may be
tracked based on one or more criteria, including criteria
corresponding to characteristics of the object and criteria
unrelated to the object. Video analytics 132 may associate
metadata, such as the identifier label and bounding box
coordinates, with each tracked object of interest.

At 630, a multi-dimensional virtual beam 1s used to count
the number of objects of interest that have entered the
detection zone by crossing the entrance side and are con-
tinually present in the detection zone at about the same time.
The multi-dimensional virtual beam may be a two-dimen-
sional virtual beam, such as virtual beam 400, or a three-
dimensional wvirtual beam, such as wvirtual beam 200.
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Whether an object enters the detection zone by entering
through the entrance side may be determined according to
the rules described at 550. The continual presence of one or
more objects of interest in the detection zone may be
determined 1n a manner as described at 530. In one embodi-
ment, the number of objects of interest that are continually
present in the detection zone may be counted by counting the
number of objects having unique 1dentifier labels continually
present 1n the detection zone.

At 640, an event 1s signaled when the number of objects
of interest entering through the entrance side and continually
present in the detection zone at about the same time, and
crossing through the detection zone and leaving through the
exit side, exceeds a threshold number. The threshold number
may be preconfigured by a user, such as with method 900
(F1G. 9), for example. Furthermore, video analytics 132 may
adjust the threshold number based on one or more conditions
detected by video analytics 132. Finally, at 560, additional
steps may be optionally performed based on the occurrence
of an event, such as the event signaled at 640.

Method 600 may be used for a virtual corridor applica-
tion, such as in front of a cashier or service counter. For
example, method 600 may be used to detect the length of a
queue of people waiting 1n line. The height of the virtual
beam can be set to determine how tall people need to be for
detection. For example, the height can be set to detect people
over 4 feet tall to 1gnore children waiting with their parents,
as well as to 1gnore shopping carts. The threshold number of
people can be set based on a store policy for a desirable
number of people standing in line. When the desirable
number 1s exceeded, an alert can be generated and additional
service personnel can be requested to open another checkout
counter.

The wvirtual corrnidor application may be modified to
account for a store policy of a desirable waiting time 1n line.
For example, a line may be short and slow, such as when a
cashier 1s delayed with a problem customer. The threshold
for the number of people 1n line may be reduced based on the
length of time elapsed after the last person left through the
exit side of the virtual beam. Thus, the threshold number of
people may drop as the speed of the line slows. In an
alternative embodiment, a timer 1s started when a person
enters the virtual beam through the entrance side and the
timer 1s stopped when the person leaves the virtual beam
through the exit side. I the person has not left the detection
zone after a predefined time, an alert can then be generated.

FIG. 7 1s a pictonial diagrammatic view of one embodi-
ment ol a multi-dimensional virtual beam 700 associated
with an object of iterest 710, such as an automobile. In one
embodiment, virtual beam 700 1s associated with the posi-
tion of object of interest 710 so that virtual beam 700 moves
with object of interest 710. Thus, virtual beam 700 can be set
up to define an area around object of interest 710. Virtual
beam 700 of annular shape includes an inner side 720 and an
outer side 730. Outer side 730 1s farther from object of
interest 710 than 1s inner side 720. Objects can be detected
leaving object of interest 710 when inner side 720 1s the
entrance side of virtual beam 700 and outer side 730 1s the
exit side of virtual beam 700. Alternatively, objects can be
detected approaching or entering object of interest 710 when
outer side 730 1s the entrance side of virtual beam 700 and
inner side 720 1s the exit side of virtual beam 700. False
alarm 1immunity of virtual beam 700 may be increased when
a distance 740 between mner side 720 and outer side 730 1s
increased. Sensitivity of virtual beam 700 may be increased
when a distance 740 between 1nner side 720 and outer side

730 1s decreased.
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Although virtual beam 700 1s illustrated as an annulus,
other shapes are possible. For example, each of the sides
may be in the shape of a dome, sphere, box, pyramid,
hexagon, or any other shape that completely or partly
surrounds object of interest 710. The shape and center of
inner side 720 may be diflerent from the shape and center of
outer side 720. However, 1n a preferred embodiment, inner
side 720 1s contained within the perimeter of outer side 730.

Moreover, although a three-dimensional virtual beam 1s
illustrated 1n FIG. 7, a two-dimensional virtual beam may
also be associated with an object of interest. For example,
the sides may be 1n the shapes of concentric circles. How-
ever, the entrance side and the exit side need not be
concentric. The sides may be any other two-dimensional
shape that completely or partly surrounds object of interest.
In a preferred embodiment, the inner side 1s contained within
the perimeter of the outer side.

FIG. 8 1s a flowchart of a method 800 of momitoring
whether a first object of interest 1s passing through a
detection zone that 1s within a field of view of a video
camera and 1s associated with a second object of interest,
according to one embodiment. Method BOO may be imple-
mented, for example, by video surveillance system 100.
Method BOO begins at 510 by receiving video data.

At B20, video analytics 132 are used to track the first
object of interest 1n the video data. The first object of interest
may be tracked as described at 520, for example.

At B30, a second object of interest represented by the
video data and different from the first object of interest 1s
tracked. The second object of interest may be tracked with
video analytics 132, such as 1n 520 or B20, or may be
tracked in other ways. For example, the second object of
interest may be tracked using radio frequency i1dentification
(RFID) or other radio triangulation methods, GPS, or any
other method of determining a position of the second object
of interest. When the detection zone 1s associated with the
position of the second object of interest, the detection zone
will move along with or follow the second object of interest
as 1t moves.

At B40, a multi-dimensional virtual beam, such as virtual
beam 700, 1s used to detect whether the first object of interest
1s continually present in the detection zone as the first object
ol interest passes through the detection zone associated with
the second object of interest. The multi-dimensional virtual
beam includes an entrance side bounding the detection zone
on one side and an exit side bounding the detection zone on
a side opposite the entrance side. In one embodiment, the
entrance side 1s farther from the second object of interest
than 1s the exit side so that objects approaching the second
object of interest can be detected. In an alternative embodi-
ment, the entrance side 1s closer to the second object of
interest than 1s exit side so that objects leaving the second
object of interest can be detected.

At B30, an event 1s signaled when the first object of
interest 1s continually present 1n the detection zone during a
period beginning when the first object of interest enters into
the detection zone through the entrance side and ending
when the first object of interest leaves the detection zone
through the exit side. Whether an object enters through an
entrance side or leaves through an exit side may be deter-
mined according to the rules described at 550.

At 560, additional steps may be optionally performed
based on the occurrence of an event, such as the event
signaled at B50. Examples of the additional steps include
alerting an attendant, recording a video clip, adjusting a
recording quality level, sending an email, sounding an
audible alarm, generating metadata, or logging a report.
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Method 800 may be used 1n a variety of object localized
applications. An object localized application includes a
virtual beam that 1s associated with or localized around an
object that may move. As an example, method 800 may be
used for detecting when people leave their vehicles, or when
someone walks up to a vehicle. A virtual beam associated
with the vehicle can be defined to surround the vehicle, as
illustrated 1 FIG. 7. By choosing whether the outer side or
the inner side 1s the entrance side, the virtual beam can

distinguish between people approaching a vehicle or leaving
it. One potential advantage of using a virtual beam as an
object localized beam, e.g., a virtual beam associated with
an object, 1s that the virtual beam can follow the object
around which the virtual beam 1s localized. For example, 1f
the vehicle moves, the surrounding virtual beam moves with
the vehicle. Or, 1t the virtual beam 1s localized around a
person, and the person walks into a public park, the virtual
beam can provide a detection zone around the person and
triggers an alarm 1f that person 1s approached by another
person.

As another example, method 800 may be used to create a
protection zone around an airplane parked on an airport
tarmac. The zone would be armed and active when the
airplane 1s not 1n use. If the airplane 1s moved, the protection
zone automatically moves with the airplane.

Method 800 may be used 1n a hospital setting. For
example, a virtual beam can be localized around a piece of
hospital equipment to detect and create a video record
whenever someone touches the equipment. In one embodi-
ment, 11 the equipment 1s moved, which 1s quite common in
hospitals, then as soon as the equipment 1s stationary and in
the view of a camera, such as camera 110, the virtual beam
surrounding it can again become active. The localized beam
can be configured to detect a person approaching or leaving
the equipment. A detection event can cause a video clip to
be recorded and stored 1n local storage 134 or mass storage
120. If the equipment 1s missing or damaged, then the video
records associated with the equipment may be searched to
find a cause of the missing or damaged equipment.

In a preferred embodiment, a hospital surveillance system
may automatically create virtual beams around all portable
equipment 1n the hospital. For example, the system can
search for objects with the same appearance. This simplifies
an eflort to find equipment, by first identifying when 1t was
last moved, and then looking for other moving objects of the
same appearance, spotted by any of the cameras in the
system and detected 1n the same time frame. To increase the
speed of search, the system can create real-time metadata
records of events, such as equipment being approached or
moved, and the system can store the event metadata with
other metadata about the equipment and the appearance of
the people detected. The metadata may be used to target a
search of video data, as compared to searching through all
of the video data. In this manner, search time may be
reduced when looking for missing hospital equipment.

A preferred video analytics system can set up a rule to
automatically create virtual beams around objects of a
certain type, such as vehicles, when they enter a parking lot.
For example, the system can automatically trigger an event
alter a vehicle parks and a person leaves the vehicle. It that
person then approaches another parked vehicle, the video
analytics system can identily potentially suspicious activity.
If the vehicle 1n which that person arrived i1s driven away,
and that person thereaiter approaches parked vehicles, a
preferred system can treat this behavior as suspicious and
alert guards.
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A preferred video analytics system can use virtual beams
as part of an overall behavior detection process. For
example, a video analytics system can set up a rule to
automatically create virtual beams around objects of a
certain type, such as vehicles, when they enter a parking lot.
The system can automatically set up a first virtual beam
around an arriving car. An event can be triggered aiter the
vehicle parks and someone leaves the car, crossing through
the first virtual beam. If that same person, tracked by video
analytics, then approaches another parked wvehicle sur-
rounded by a second virtual beam, the video analytics
system can 1dentily potentially suspicious activity. If the car
in which that person arrived 1s driven away and that person
thereafter approaches parked vehicles, the system can treat
this behavior as suspicious and alert security guards. The
video analytics can also detect a situation in which that
person enters and starts a parked car that then begins to
move from its parking space. In this manner, repeatable
patterns of behavior practiced by criminals may be auto-
matically detected by a video analytics system. By detecting
suspicious activity in real time, security guards may be given
valuable early warning to close automatic gate openings to
prevent the thieves from leaving. Alternatively, the security
guards can potentially operate a PTZ camera to 25 zoom 1n
to 1dentify license plates and get close-up pictures of those
involved, and send this information to the police, for capture
and arrest.

FIG. 9 1s a flowchart of a method 900 of configuring a
multi-dimensional virtual beam, according to one embodi-
ment. Method 900 may be implemented, for example, by
video surveillance system 100. Method 900 begins at 910 by
defining a multi-dimensional virtual beam having an
entrance side and an exit side bounding the detection zone
on opposite sides. In one embodiment, a two-dimensional
virtual beam overlaid on a visual image may be defined by
pixel coordinates. A three-dimensional virtual beam repre-
senting a spatial location within a three-dimensional repre-
sentation of the scene observed by camera 110 may be
defined by coordinates corresponding to the scene represen-
tation. Alternatively, a two-dimensional virtual beam can be
defined to represent area coordinates 1n a three-dimensional
representation of the scene observed by camera 110.

The entrance and exit sides may be defined, for example,
in an XML file or by a user dragging a cursor along the
detection zone boundary over an image of the scene
observed by camera 110. As described earlier with reference
to FIG. 2, 1t may be desirable for the distance between the
sides to be narrowed or widened depending on how far from
or close to the detection zone 1s relative to camera 110. In a
preferred embodiment, video analytics 132 may recommend
narrower beams for areas farther from camera 110 and wider
beams for areas closer to camera 110. In one embodiment,
a virtual beam for a virtual corridor or virtual doorway may
be defined 1n two dimensions, and a user may separately
select a size of the object to be detected. Video analytics 132,
for example, may automatically determine the average size
of adults present 1n a region of the scene and automatically
offer the user an option mn a drop-down menu to choose
between adults and children. Similarly, vehicles may be
specified 1n meters or feet to detect only big-rig trucks while
ignoring sedans, for example. After a detection zone bound-
ary 1s defined, video analytics 132 may provide at 1ts output
a graphical representation of the boundary over the video
image displayed by output device 150. When a ground plane
1s specified, video analytics 132 may shape automatically
the angles of the detection area to match the angle of the
ground plane.
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A1 920, the multi-dimensional virtual beam defined at 910
can be optionally associated with an object of interest, a
characteristic of an object, or an object independent rule. For
example, the virtual beam may be associated with a position
of an object of mterest. In other words, the virtual beam may
be defined relative to the position of the object of interest so
the virtual beam can move with the object. As another
example, the virtual beam may be associated with a type of
object so that only objects of a predefined type tracked
within the boundary of the virtual beam will trigger a
detection.

At 930, the type of object to be detected can be configured
when setting up the detection rules, such as by choosing
from a drop-down computer menu. For example, the virtual
beam can be set to detect people, vehicles, boats, or more
specific types of objects, such as school buses, fire trucks,
and bicyclists. Examples of object independent rules include
detecting objects at limited times of the day or during a
reduced set of ambient lighting conditions. At 930, other
rules can be added, such as the length of time allowed for
objects to cross the virtual beam. An object’s taking too
much time (1.e., 1s moving too slow) or too little time (..,
1s moving too fast) to cross the virtual beam could be
considered an event of interest.

At 940, a threshold number of objects of interest may
optionally be defined and associated with the virtual beam,
such as when method 600 1s to be implemented. The
threshold number can be preconfigured by a user and
automatically adjusted 11 various criteria are met.

At 950, method 900 tests whether a threshold number of
objects 1s defined for the virtual beam. IT so, method 900
continues at 960, otherwise, method 900 continues at 970.

At 960, the video analytics system 1s armed to trigger an
event when a number of objects of interest entering the
detection zone through the entrance side of the virtual beam,
remaining continually present in the detection zone, and
leaving the detection zone through the exit side exceeds the
threshold number defined at 940. In this manner, the video
analytics system 1s armed to implement method 600.

At 970, the video analytics system 1s armed to trigger an
event when the object of interest 1s continually present 1n the
detection zone during a period beginning when the object of
interest enters the detection zone through the entrance side
of the virtual beam and ending when the object of interest
leaves the detection zone through the exit side of the virtual
beam. In this manner, the video analytics system may be
armed to implement method 500 or method 900.

It will be obvious to those having skill 1n the art that many
changes may be made to the details of the above-described
embodiments without departing from the underlying prin-
ciples of the invention. The scope of the present invention
should, therefore, be determined only by the following
claims.

What 1s claimed 1s:

1. A method of monitoring whether an object of interest
1s passing through an area within a field of view of a scene
observed by a video camera, the method comprising:

receiving video data representing the field of view of the

scene observed by the video camera;

using video analytics to track an object of 1nterest repre-

sented 1n the video data;

configuring a detection zone within the area, the detection

zone having at least two sides;

signaling an occurrence of an event when the tracked

object of mterest 1s continually present 1n the detection
zone during a period beginning when the tracked object
of interest enters the detection zone on one side and
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ending when the tracked object of interest leaves the
detection zone from a different side; and

determining a direction the tracked object of interest

traveled through the detection zone by determining
which side of the detection zone the tracked object of
interest entered and which side of the detection zone
the tracked object exited.

2. The method of claim 1, wherein the one side and the
different side are positioned opposite to each other and
thereby define opposite sides of the detection zone.

3. The method of claim 1, wherein the detection zone
corresponds to a volume superimposed on a two-dimen-
sional 1mage represented by the video data.

4. The method of claim 1, wherein the detection zone
corresponds to a volume of space oriented 1n a three-
dimensional representation of the scene observed by the
video camera.

5. The method of claim 1, wherein the signaling of an
occurrence of an event 1s performed for an object of interest
exhibiting a specified physical characteristic.

6. The method of claim 5, wherein the physical charac-
teristic comprises at least one of a color of the object of
interest, a shape of the object of interest, or a size of the
object of interest.

7. The method of claim 3, wherein the physical charac-
teristic 1s a speed of motion of the object of interest.

8. The method of claim 5, wherein the physical charac-
teristic 1s a height of the object of interest.

9. The method of claim 5, wherein the detection zone
corresponds to a volume of space and thereby defines a
virtual beam detection zone that 1s superimposed on an
image represented by the video data, and wherein the
physical characteristic 1s a height of the object of interest
within the virtual beam detection zone.

10. The method of claim 5, wherein the detection zone
corresponds to a volume of space and thereby defines a
virtual beam detection zone that i1s superimposed on an
image represented by the video data, and wherein the height
of the object of interest 1s capable of being configured by a
height value set by a user.

11. The method of claim 1, wherein the object of interest
1s of a specified type.

12. The method of claim 1, wherein the object of interest
1s one of a number of objects of interest, and wherein the
signaling of an occurrence of an event 1s performed upon
determination of a specified number of tracked objects of
interest.

13. The method of claim 1, further comprising monitoring
passage ol time, and wherein the signaling of an occurrence
of an event 1s performed aiter detection of a specified period
of time elapsed from a time the object of interest entered
through the one side and left through the different side of the
detection zone.

14. The method of claim 1, further comprising monitoring
an output signal of an external sensor, and wheremn the
signaling of an occurrence of an event 1s performed upon
indication of a predetermined value of the output signal of
the external sensor.

15. The method of claim 1, wherein the object of interest
1s one ol multiple objects of interest, and further comprising
performing a count of the multiple objects of 1nterest.

16. The method of claim 15, wherein the count of the
multiple objects of interest 1s based on the determined
direction of each of the multiple objects of interest.

17. The method of claim 15, wherein the count of the
multiple objects of interest 1s based on the determined
direction of each of the multiple objects of interest, 1n which
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the multiple objects of interest are people present 1n a retail

establishment, and further comprising using the count of

people to monitor retail establishment customer traflic pat-
terns.

18. The method of claim 15, wherein the count of the
multiple objects of interest 1s based on the determined
direction of each of the multiple objects of interest, 1n which
the multiple objects of interest are vehicles present 1n a
specified region of vehicle travel, and further comprising
using the count of vehicles to monitor vehicle traflic patterns
in the specified region.

19. The method of claim 1, further comprising assigning
the detection zone to follow the tracked object of interest as
it moves at least within the field of view of the scene
observed by the video camera.

20. The method of claim 19, wherein the scene observed
by the video camera 1s a vehicle parking site and the tracked
object of interest 1s a vehicle.

21. The method of claim 19, wherein the scene observed
by the video camera 1s a hospital facility and the tracked
object of interest 1s a person or hospital equipment.

22. The method of claim 1, wherein the object of interest
1s of a specified type, and further comprising automatically
assigning the detection zone to encompass the specified
object of interest when 1t appears in the field of view of the
scene observed by the video camera.

23. The method of claim 1, wherein the video data
representing the object of interest correspond to image
pixels, and wherein the video analytics determines whether
the object of interest enters or leaves the detection zone by
determining whether an 1mage pixel representing the object
of interest 1s present in the detection zone.

24. The method of claim 23, wherein the image pixel 1s
centrally located within the object of interest.

25. The method of claim 1, wherein the wvideo data
representing the object of interest correspond to at least one
image pixel contained within a bounding box, and wherein
the video analytics determines whether the object of interest
enters or leaves the detection zone by determining whether
an edge of the bounding box 1s present in the detection zone.

26. The method of claim 1, wherein one side or the
different side of the detection zone 1s configured to be a
certain distance from a ground reference to enable detection
ol a particular portion of the object of interest.

27. The method of claim 1, further comprising;

configuring a second detection zone, the second detection

zone ncluding a third side and a fourth side; and
signaling an occurrence of a second event when the
tracked object of interest or another tracked object of
interest 1s continually present 1n the detection zone
during a second period beginning when the tracked
object of interest or the another tracked object of
interest enters the detection zone on the third side or
fourth side and ending when the tracked object of
interest or the another tracked object of interest leaves
the detection zone from the third side or fourth side.

28. The method of claim 27, wherein the third side
comprises the one side, and wherein the fourth side com-
prises the different side.

29. The method of claim 1, wherein configuring the
detection zone further comprises recerving a selection of a
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distance been the one side and the different side, wherein the
distance corresponds to a sensitivity of detection.

30. A video surveillance system, comprising:

at least one video camera configured to monitor whether
an object of 1nterest 1s passing through a detection zone
within a field of view of a scene observed by the at least
one video:

a computer system connected to the at least one video
camera, and wherein the computer system further com-
Prises:

a memory; and

a processor, wherein the memory comprises instruc-
tions, that when executed by the processor, cause the
processor to:

receive video data representing the field of view of the
scene observed by the at least one video camera;

track an object of interest represented 1n the video data
using video analytics;

configure the detection zone to include a first side and
a second side positioned opposite to each other and
thereby defining opposite sides of the detection zone;
and

signal an occurrence of an event when the tracked
object of interest 1s continually present 1n the detec-
tion zone during a period beginning when the tracked
object of interest enters the detection zone on the first
side or the second side and ending when the tracked
object of interest leaves the detection zone from the
opposite side; and

determining a direction the tracked object of interest
traveled through the detection zone by determining,
which side of the detection zone the tracked object of
interest entered and which side of the detection zone
the tracked object of 1nterest exited.

31. The video surveillance system of claim 30, wherein
the at least one video camera and the computer are inte-
grated.

32. A non-transitory computer readable medium storing
instruction, that when executed by a processor, cause the
processor to perform the operations of:

recerving video data representing a field of view of a
scene observed by a video camera;

using video analytics to track an object represented in the
video data;

configuring a detection zone within the field of view
including a first side and a second side positioned
opposite to each other and thereby defining opposite
sides of the detection zone;

signaling an occurrence ol an event when the tracked
object 1s continually present in the detection zone
during a period beginning when the tracked object
enters the detection zone on the first side or the second
side and ending when the tracked object leaves the
detection zone from the opposite side; and

determining a direction the tracked object traveled
through the detection zone by determining which side
of the detection zone the tracked object entered and
which side of the detection zone the tracked object
exited.



	Front Page
	Drawings
	Specification
	Claims

